Abstract. The natural mode shape of planetary gear train is closely related to vibration and noise. It is valuable to study installation constraints of the planetary transmission, which is very important in the theoretical and engineering. A new method was proposed to study the influence of the planet carrier's different constraints on the planetary gear train's inherent vibration mode. The supporting stiffness of the planetary gear and the center member were considered respectively in the dynamic model of planetary gear train. The planet carrier constraint way simulation was realized through the support stiffness of different combination. A dynamic model with considering the planet carrier constraints was built to study the influence of different installation methods of the carrier on the natural vibration mode. The research indicates that the different installation way has a significant effect on the inherent vibration mode of planetary gear train.
Introduction
Compared with ordinary gear transmission, planetary gear transmission has many obvious advantages [1] , which is widely used in wind power generation, ship engineering, mining machinery and other fields. It is of great engineering significance to study the inherent characteristics of planetary gear transmission. Many scholars at home and abroad have done a lot of useful research on the inherent characteristics of planetary gear dynamics. Pure torsion inherent characteristics of planetary gear system dynamics using lumped parameter model [2] [3] [4] [5] [6] and [7] [8] literature. The literatures adopt torsion on the intrinsic characteristics of the planetary gear system dynamic lumped parameter model of translation. Although these studies consider such factors as the floating of components and the time-varying meshing stiffness of gears, the influence of planetary mounting constraints on the natural characteristics of the system is neglected.
It is of great theoretical significance and practical value to study the influence of the constraint of planetary frame installation on the inherent characteristics of planetary gear trains. In order to study the planet carrier different restraint on natural vibration mode of gear planetary influence, we propose a new method to realize the simulation of planetary gear constraint method, this method is the dynamic model in the planetary gear train, considering the planetary gear planetary gear train center member and the support stiffness of each component, through the support stiffness of different combinations to achieve the simulation of planetary gear constraint mode. In order to analyze the influence of the constraint mode of planetary carrier on the inherent characteristics of planetary gear train, the 2K-H type straight planetary gear train of wind power increasing box is taken as the research object, and the coupling dynamic model of planetary gear is established by the lumped parameter method. According to the principle of mechanics, the dynamic equations of the model are listed, and the eigenvalues of vibration differential equations and the corresponding vibration modes vectors are solved. The mode shapes of the system are compared and analyzed.
Acceleration Analysis of Component Centroid and Vibration Model of Planetary Gear
The coordinate system of the planetary frame of the key component of planetary gear transmission is shown in figure 1 .
The OXY shown in the diagram for the absolute coordinate system, Oxy coordinates in planetary gear system, the angular velocity to know ω c , Oxy relative to the X axis through the angle of φ c =ω c t, t is the time, r i is a member of the planetary transmission displacement vector centroid, the projection of the X axis and Y axis are x i and y i , and the unit vector set selection for the x axis x axis respectively. Then the displacement vector can be expressed in the Oxy coordinate system:
The selection µ andν can be expressed in absolute coordinate system:
The formulas (2) and (3) are available:
The formula (1) obtains the two derivative of the time t, and combines the formula (4) and the formula (5) to obtain the acceleration of the mass center of the component: Where kpn support stiffness (n=1,2,... N) , N is the total number of planetary gear; ψn = 2π(n-1)/N, kij is the center member support stiffness (i = c,r,s; j = x, y, u), xi , yi, and ui respectively(i = c, r, s, 1,2, … N), ui = riθi; ui and θI are the components of the torsion line displacement and torsional displacement; ri is the radius of rotation of each member; krn and ksn respectively in meshing and the outer meshing stiffness(n=1,2,…,N), αs and αr are the internal and external meshing angle.
Differential Equation of Planetary Transmission
According to figure 2, the relative displacement and force condition of each component in the system are analyzed. According to Newton's second law and formula (6), the dynamic equation of the system is established: 
Influence of Planetary Cage Restraint Mode on Inherent Characteristics of Planetary Gear Train
The undamped free vibration equation (9) of the system can be obtained by the formula (8) 
Where ωi natural frequencies of order i, ψi vibration type of order I, and 2,3,…,N+3; j=c,r,s,1,2,3, …,N) . Taking the system parameters as an example, the formula (9) is solved to obtain the inherent characteristics of the system. When the number of planetary wheels is 3, 4 and 5, the natural frequencies of each order of the system are found.
The vibration modes corresponding to the natural frequencies of the system can be obtained by calculation. As the inherent vibration mode analysis of planetary gear train, with the number of planetary gear was 3, 4 and 5 of the planetary gear train as an example, through the analysis of modal coordinates corresponding to the natural frequency of the system and, by comparison and conclusion system center member torsional vibration mode, the center member radial translational mode and planetary gear vibration model. Analysis of the data in Table 2 shows that there is a mapping relation between the natural frequency and the root system of M, when the root number m=1 and m=2, the natural frequency of the corresponding number is 6; when the weight of root number m=N-3 (N > 3), the natural frequency of the number corresponding to the 3. With the increase of the number of planet gears, the natural frequencies of the corresponding number of m=1 numerical root weight was increasing, and the natural frequency of root of the corresponding number of m=2 in the first 3 order natural frequency becomes small, after the 3 order natural frequency increases, the number of root weight m=N-3 (N > 3) value of the natural the frequency corresponds with the number of planetary gear change.
Taking the number of planetary wheels 5 as an example, the vibration modes of 3 typical vibration modes of planetary gear trains are plotted, as shown in figure 3 to figure 5. Torsional vibration mode of the center member. The multiplicity of the 6 frequencies corresponding to the rotation mode is 1; the corresponding natural frequencies are shown in Table 2 , and the corresponding vibration modes are shown in figure 3 . The number of the 6 frequencies corresponding to the radial translation mode of the central component in the radial translation mode of the central component is 2; the corresponding natural frequencies are shown in Table 2 , and the corresponding vibration modes are shown in figure  4 . Planetary gear vibration mode. The number of the corresponding 3 frequencies in the planetary gear vibration mode is N-3 (N>3). When the number of planetary wheels is less than or equal to 3, the planetary gear vibration mode does not exist. The corresponding natural frequencies are shown in Table 2 , and the corresponding vibration patterns are shown in Figure 5 . 
